The bacterium Xylella fastidiosa has been shown to be the main cause of the citrus variegated chlorosis (CVC), through colonization of the plant xylem (Rossetti et al., 1990; Chang et al., 1993; Li et al., 1999) . The symptoms eventually lead to death of the infected plants, causing important economical losses to agriculture and the citrus industry. The molecular mechanisms through which the bacterium establishes the infection process have not been experimentally demonstrated. However, it has been proposed that the disease is a consequence of water and nutrient stress due to vascular occlusion of the xylem by the bacterial aggregates (Hopkins, 1989; Purcell and Hopkins, 1996) . The recent elucidation of the X. fastidiosa complete genome sequence has pointed out several pathogenicity mechanisms that could explain the mo-1 To whom correspondence should be addressed at Av. Prof. Lineu Prestes, 1374, 05508-900 São Paulo, SP, Brazil. Fax: 55-11-3818-7354. E-mail: mvmarque@usp.br. tween nucleotides 18,000 and 27,000 presents several sequences with significant similarity to other plasmids identified in plant pathogens such as Rhodospirillum and Xanthomonas, indicating a possible exchange of genetic material between pXF51 and other plasmids. The presence of a gene encoding a putative invertase (XFa019) in this region suggests that this exchange was probably mediated by transposition events. The sequence similarity found between pXF51 and other plasmids is mostly related to sequences found in insertion elements present in these plasmids, even though pXF51 lacks complete IS elements or transposons. Figure 1 depicts the main regions identified in pXF51, which contain clusters of genes of presumed related function by sequence comparison: a 4.2-kb region containing ORFs related to partition (par), and two regions of conjugative transfer genes, one of 15 kb (tra) and a second one of 6.8 kb (trb). Two genes compose the mob region, probably involved with DNA transfer and the putative oriT.
A perfect direct repeat of 758 bp (R1 and R2 see Fig. 1 ) located at positions 44,140-44,897 and 49,129-49,886 flanks the par region. Starting within this repeated sequence two ORFs (XFa0056 and XFa0063), which differ only at the last 13 amino acids encoded outside the repeated region, were predicted and show no matches to sequence databases.
Replication
pXF51 is the first large plasmid of Xylella described, and therefore its replication properties are still poorly understood. The plasmid copy number was estimated to be around five copies/cell, based on the density of reads from pXF51 in the Xylella genome sequencing project (Simpson et al., 2000) . There is no information with respect to which incompatibility group it belongs, and more experimental data will be necessary to determine its replication and incompatibility features.
No sequences in pXF51 could be assigned as a possible origin of replication, since attempts to find any sequence motifs similar to replication origins of other plasmids were unsuccessful, This is the first report on characterization of a large plasmid in Xylella. Here we present a detailed analysis of the genes encoded in pXF51 with respect to their sequence similarity to previously described genes and their organization in the plasmid.
METHODS
The complete nucleotide sequence of pXF51 is registered in GenBank (Accession No. AE003851) and the sequencing strategy is described elsewhere (Simpson et al., 2000) . The annotation of individual pXF51 ORFs can be found at the Xylella Genome Project Web site (http://www.lbi.dcc.unicamp.br/xf/). The identification of putative open reading frames (ORFs) was made using the Glimmer (Salzberg et al., 1998) and GeneMark (Borodovsky and McIninch, 1993) algorithms. Sequence similarity analysis was performed using the BLAST programs (Altschul et al., 1990 (Altschul et al., , 1997 and domain searches were done with the PRODOM (Corpet et al., 1999) and PSORT (Nakai and Kanehisa, 1991) programs.
The GC content analysis was made using the GeneQuest program; protein sequence analysis was performed with the Protean program and some sequence comparisons were made using the MegAlign program. These programs are included in the Lasergene DNA analysis package DNASTAR (DNASTAR, Inc., Madison, WI).
RESULTS AND DISCUSSION

Overall Gene Organization
Plasmid pXF51 comprises 51,158 bp, encoding 64 putative ORFs (Simpson et al., 2000) , 24 of which show no similarity to sequences in public databases. One more ORF (XFa0065), with significant similarity to proteins of the VirB7 family (see below), was identified during this analysis. Eight ORFs present sequence similarity to hypothetical proteins from other bacteria, to which no function has been assigned. A scheme of pXF51 gene organization is shown in Fig. 1 . The overall G ϩ C content is 49.6%, which is very similar to the Xylella chromosome G ϩ C content (52.7%), but several local regions have AT predominance. The region be-
FIG. 1.
Schematic view of the main features in pXF51. ORFs are represented by arrows, indicating the direction of transcription. Gray arrows, ORFs with similarity to proteins with known function; white arrows, ORFs with no similarity to proteins in the databases or with similarity to conserved hypothetical proteins; black arrows, defective ORFs (the trbN gene may be incomplete). Some of the products' names are indicated at the top of each ORF, and ORF numbers are showed below. The two direct repeats (R1 and R2) are represented by small arrows. The four regions containing ORFs of related function are indicated by black bars. White bars indicate regions with DNA similarity to the plasmids indicated. The G ϩ C content and the GC skew [(G Ϫ C) / (G ϩ C)] were calculated for one strand based on an 8000-nt window.
and there are no experimental data available. However, some regions show some interesting features that are worth mentioning. The region from position 42,410 to 42,610 shows a marked decrease in the G ϩ C content to 26%. This A ϩ T-rich region is located between the stop codons of two putative coding regions (XFa0053 and XFa0054) with no similar sequences in GenBank. This region presents three direct repeats of 10 bp in tandem (CTACCCCGCC) and two copies of a dyad repeat (GTATTTTTTATG), which are separated by a sequence of 23 bp composed of 91% AT.
Two other noticeable regions are within repeats R1 and R2 (Fig. 2) . One such region contains two long repeated sequences of 28 bp separated by 80 bp, which have a motif at the end ( T / C TGTCCA T / C A) that resembles a DnaA binding site. This motif is also found in the replication origin of plasmid pSa from Shigella flexneri, where 25 of 28 nucleotides are identical to the repeats in pXF51 (Okumura and Kado, 1992) . Another sequence (GTGG G / A CA A / G ) is repeated three times on one strand and once on the other. At least three other inverted repeats are also found in this region and could be potential protein binding sites. All these features could be indicative of some regulatory function for this region.
Analysis of several bacterial genomes revealed that there is a switch in polarity of the GC skew at the origin of bidirectional replication (Lobry, 1996) . The GC skew of pXF51 shows a switch in base frequency around positions 18,000 and 48,500 (Fig. 1 ) the last one being adjacent to repeated region R2. The region between positions 18,000 and 18,340 is located between the stop codons of XFa0018 and XFa0019, and it is 67.5% AT-rich, but no sequence motifs that could implicate this region in the regulation of pXF51 replication were found.
Plasmid Maintenance
pXF51 does not carry any gene that could confer an obvious adaptive advantage to the bacterium, so its stable maintenance within the cell must probably be ensured by some specific mechanisms. The polypeptide encoded by gene XFa0027 shows 55% identity to the plasmid stabilization protein PemK, originally described as responsible for the maintenance of Escherichia coli plasmid R100 (Tsuchimoto et al., 1988) . The PemK protein is proposed to inhibit cell division of plasmid-free segregants, leading to cell death, whereas its action is supressed by the PemI protein, which is encoded by the second gene of the pem operon (Tsuchimoto et al., 1988) . Several PemK-like proteins have been   FIG. 2. DNA sequence of the 758-bp identical repeated regions (R1 and R2). Arrows on top of the sequence indicate inverted repeats. Palindromic sequences are indicated by double arrows. A 28-bp repeated sequence similar to one found at the origin of replication of pSa is underlined and contains a putative DNA binding site (double underline). A conserved 9-bp sequence is boxed. described since, including homologs present in the chromosome, like M. tuberculosis hypothetical protein Rv2801c, which has 59% identity to the product of XFa0027. The corresponding antitoxin gene pemI was not identified in pXF51, although a putative ORF (XFa0028) encoding a polypeptide of size similar to E. coli PemI is located just upstream of pXF51 pemK.
A second potential plasmid stabilization factor is a homolog of the ParE protein present in E. coli plasmid RK2 (Roberts et al., 1994) . As with PemK, the ParE homolog (encoded by XFa0029) is highly similar to its RK2 counterpart, and no polypeptide similar to the ParD antitoxin could be identified by translation of pXF51 predicted coding regions. However, a complete parDE operon is present in the chromosome of X. fastidiosa strain 9a5c, in a region which probably originated from an integrated plasmid (see below). The chromosomal parE gene is almost identical to the one in pXF51, the difference being that the plasmid copy is missing the sequence encoding the first 30 amino acid residues of ParE, suggesting that the parE gene in the plasmid may not be functional.
Plasmid Partition
A cluster of four other genes likely involved in plasmid partitioning is located between the two repeated regions R1 and R2, organized in a probable operon (incC operon), since the intergenic distance is smaller than 20 nucleotides. The first gene (XFa0060) encodes a putative IncC protein, which is 37% identical to the small IncC protein of E. coli plasmid RK2 (Rosche et al., 2000) . As in RK2, the stop codon of incC overlaps the start codon of XFa0059, coding for a putative KorB protein. pXF51 KorB homolog shows similarity to several DNA-binding proteins of the ParB family, although it is larger (401 amino acids) than these proteins, which are known to have no more than 350 amino acids.
The third ORF in the operon (XFa0058) has no significant similarity to any of the GenBank sequences. The next gene (XFa0057) encodes a protein similar to the family TrfB/KorA of transcriptional repressors. In E. coli plasmid RK2, the korA coding region is within the first third of the incC gene (Rosche et al., 2000) . The IncC protein of pXF51 does not have this amino-terminal region, starting exactly at the same point as the smaller version of E. coli IncC; moreover, the korA gene is two ORFs apart from incC.
One ORF (XFa0061), encoding a putative single strand binding protein, has its stop codon located 180 bp upstream of incC, after which there is an inverted repeat followed by several pyrimidine nucleotides, suggesting that there is a transcriptional terminator between this gene and the incC operon.
Conjugative Transfer
pXF51 has two main clusters containing putative conjugation-related genes, which were arbitrarily named tra and trb, according to the similarity found between pXF51 tra genes with their counterparts in pKM101, and the similarity between pXF51 trb genes to R751, RP4, and RK2 trb genes. A detailed comparison of the structures of tra and trb clusters to other plasmids is shown in Fig. 3 .
Analysis of the genes related to conjugative transfer in pXF51 shows that all the genes necessary for the pilus assembly and DNA transfer to occur are present and are probably functional. A conserved oriT is also present, as well as two genes encoding mobilization proteins, indicating that pXF51 is able to transfer itself.
trb Genes
The trb cluster encodes polypeptides highly similar to proteins that belong to the Tra2 core of IncP plasmids, such as pRP4 and R751 (Pansegrau et al., 1994) (Fig. 3A) . A second copy of the trb cluster is found in the chromosome of X. fastidiosa strain 9a5c, between positions 1,947,827 and 1,956,936, containing genes from trbB to trbN (Fig. 3A) . The whole trb sequence present in pXF51 is 98% identical to its chromosomal version but contains only genes from trbE to trbN. The TrbE protein encoded by the plasmid gene (XFa0044) lacks the aminoterminal 68 amino acids found in the chromosomal copy of TrbE. Both genes present frameshifts generating premature translational stop codons, which probably gives rise to nonfunctional TrbE proteins. In Rhizobium plasmid last 12 amino acids, suggesting that the carboxy-terminus of pXF51 TrbN is an extension of the original gene, generated after insertion.
Taken together, these observations suggest that there was an exchange of genetic material between pXF51 and the chromosome of X. fastidiosa strain 9a5c, generating a second copy of the trb cluster. The most plausible hypothesis is that the first copy of the cluster came from a different plasmid whose sequence was partially integrated into the chromosome of this strain.
tra Genes
Fifteen genes compose another cluster (tra) of conjugative transfer genes in pXF51, found between positions 435 and 15,164. Since there is no clear determination of the boundaries of the transcriptional units, we cannot determine how the genes are organized in operons, although several genes are apparently translationally coupled. The ORFs present in this cluster are similar to conjugation-related proteins from several plasmids and to the VirB proteins found in A. tumefasciens pTi plasmid, which are directly involved in the pathogenesis of this bacterium (Table 1) . The order in which pXF51 genes are arranged is colinear with all these systems (Fig. 3B) .
A significant sequence similarity between conjugation-related proteins and the VirB proteins has been found (Pohlman et al., 1994) . Even though the role of VirB homologs in pXF51 must be established by experimental data and cannot be suggested only on the basis of sequence similarity, we cannot exclude the possibility of occurrence of bacteria-plant DNA transfer upon Xylella infection.
ORF XFa0002 encodes a polypeptide highly similar to TraL of IncP plasmids and VirB1 from Agrobacterium plasmid Ti. The TraL/VirB1 protein is found in the conjugative operons of IncP (pRP4␣), IncN (pKM101), and the Ti plasmid, but not in the IncW (R388) plasmid. An analysis of the TraL homolog encoded by pXF51 with the PSORT program did not show any potential signal sequence at the amino-terminus, so this protein is likely to be restricted to the cytoplasm. However, it possesses the transglycosylase SLT domain present in this family of propNGR234 the TrbE ORF is divided into two parts (Freiberg et al., 1997) , raising the possibility that the two polypeptides could form a functional TrbE protein, even though this is still to be proven.
The other trb genes found in the plasmid (XFa0037 to XFa0043) seem to correctly encode polypeptides similar to TrbF to TrbL, whereas the chromosomal copy of the trbJ gene also presents an in-frame stop codon that generates a potentially nonfunctional polypeptide.
Although pXF51 TrbN has extensive similarity to the TrbN proteins found in pRK2 and R751, its carboxy-terminal region does not show any similarity to either of these proteins. The chromosomal TrbN homolog is identical to the plasmid-encoded polypeptide, except for the teins, localized between residues 3 and 150. Interestingly, it has 17 identical amino acids out of the first 24 amino acids of the VirB1 protein from Brucella suis, which has a recognizable signal sequence (O'Callaghan et al., 1999) . However, these two proteins are shorter at the amino-terminal region, missing the first 27 residues when compared to other TraL/VirB1 proteins. The product of ORF XFa0003 is a putative DNA topoisomerase I, which was identified only in plasmids originating from gram-positive bacteria, as in Enterococcus faecalis plasmid pAM␤1, and in the virulence plasmid PXO1 from Bacillus anthracis (Swinfield et al., 1991; Fouet et al., 1994) . The XFa0002 translational stop codon is one nucleotide away from XFa0003 start codon, suggesting a probable operon arrangement.
The genes between ORFs XFa0005 and XFa0008 may be organized in an operon, since there are very few nucleotides between their stop and start codons (the largest distance is 13 bp between XFa006 and XFa007). XFa0005 encodes a polypeptide with similarity to the VirB2 protein from Agrobacterium plasmid Ti and B. henselae chromosome (Table 1) . XFa0005 shows the lowest similarity scores among the polypeptides of this cluster (Table 1) , as happens with the Brucella suis VirB2 homolog when compared to its counterparts in A. tumefasciens and in pKM101 (O'Callaghan et al., 1999) . pXF51 VirB2 and VirB3 homologs (XFa0005 and XFa0006) are predicted by PSORT to have transmembrane domains and a cleavable signal sequence, localizing at the inner membrane.
pXF51 TraB homolog (XFa0007) has a nucleotide triphosphate-binding site motif A (GKSGMGKT), which is essential for the ATPase activity of VirB4 (Berger and Christie, 1993, Fullner et al., 1994) . pXF51 TraC homolog (XFa0008) belongs to the TraC/VirB5 family of proteins, and it is predicted by PSORT to have a N-terminal signal sequence. The location of TraC is predicted to be at the periplasm or outer membrane, which agrees with the proposed role of this family of conjugation proteins as associated with the pilus structure (Zupan et al., 1998) . XFa0008 did not show any similarity to the VirB5 of A. tumefasciens system, but the similarity to other VirB5 homologs is significant (Table 1) .
A duplication of an internal region between the pXF51 genes traC and traD (XFa0009 and XFa0010) generated a duplicated open reading frame encoding two putative 82-aa polypeptides which are 82.5% similar. These polypeptides have a predicted lipoprotein consensus site at the amino-terminus (CNDG), suggesting they are located in the membrane. They present 29% similarity to the 72-aa hypothetical protein found at the same position in plasmid R388 and are also similar to the entry exclusion protein from plasmid pKM101, whose gene is also located between traC and traD. It was proposed that these small proteins render their host a poor recipient for other genetically distinct plasmids, in a conjugative transfer (Winans and Walker, 1985) . Although the similarity between these proteins from pXF51 and pKM101 entry exclusion protein is not very high, we could hypothesize that pXF51 has a system for ensuring its presence in the cell by preventing the entry of other plasmids by conjugation.
ORF XFa0011 codes for a putative innermembrane protein with seven predicted transmembrane domains and belongs to the TraD/VirB6 family, probably being a component of the pore. Between XFa0011 and XFa0012, there is an ORF (XFa0065) encoding a small polypeptide of 63 residues, which was not found by the Glimmer program during the Xylella genome annotation. This ORF shows similarity to the VirB7 protein from B. suis and shares the same predicted lipoprotein signal sequence (CAGS). Interestingly, the first 34 residues also share good similarity (48% identity) to the same region of B. suis ORF12, which is the last gene of the VirB operon (O'Callaghan et al., 1999) .
The TraE/VirB8 and TraF/VirB10 homologs (XFa0012 and XFa0014) possess transmembrane domains and are predicted to be associated with the cytoplasmic membrane. The TraO/VirB9 homolog (XFa0013) has a putative signal sequence cleavage site at Ala-17, suggesting it is either an outer membrane or a periplasmic protein. It has recently been shown that VirB9 also interacts with VirB8, VirB10, and itself, forming the periplasmic pore of the T-DNA transport system (Das and Xie, 2000) . The residues essential for these interactions are still to be mapped, and comparison to conjugative proteins from other organisms may prove useful in defining interaction domains.
Two genes encoding TraG homologs are present at the end of this cluster (XFa0015 and XFa0016). The product of XFa0015 is very similar to the TraG/VirB11 family of ATP-binding proteins involved in transport, while the product of XFa0016 is more closely related to the VirD4 family of proteins. Both pXF51 TraG and VirD4 possess a Walker motif characteristic of these ATP-binding proteins, but only VirD4 has a predicted transmembrane domain. VirD4 is a transmembrane protein which is absolutely required for T-DNA transport from Agrobacterium into the plant cell, and a mutation in virD4 cannot be complemented by TraG (Lin and Kado, 1993) . VirD4 homologs have been found only in broadhost-range plasmids such as R388, RP4␣, or F factor (Christie, 1997) . In R388, the gene for the VirD4 homolog (trwB) is located in a different operon, between the mobilization genes trwA and trwC, while in pXF51 this gene is found downstream of the traG gene and is apparently translationally coupled to it (Fig. 3B) .
mob Genes and the oriT pXF51 homologs to R388 trwC and trwA (XFa0047 and XFa0048 respectively) are present apart from the main conjugation cluster (see Figs. 1 and 3B) . We propose the names MobA for the product of XFa0048 and MobB for that of XFa0047. MobB encodes a polypeptide similar to the DNA nickase TaxC from E. coli plasmid R6K (Avila et al., 1996) and to the VirD2 protein from the Ti plasmid (Jayaswal et al., 1987) (Fig. 4B) . pXF51 MobB has the three conserved regions that are found in other DNA nickases involved in DNA transfer, such as TrwC and TraI, but does not have the carboxyterminal helicase domain (Llosa et al., 1994) . Not part of the pilus assembly itself, these DNA nickases are responsible for nicking the DNA at a specific site and forming a DNA-protein complex that is translocated into the recipient cell during conjugation. This complex also involves a single-strand binding protein (SSB) that coats the DNA during transfer. In pXF51, a gene encoding a putative SSB (XFa0061) is located upstream of the genes related to plasmid partition.
The recognition of the nicking site at oriT in IncP plasmids is carried out by a small polypeptide of 13.3 kDa, the product of the mobilization gene traJ. This recognition is very specific, as TraJ from plasmid RP4 (IncP␣) does not bind to oriT of plasmid R751 (IncP␤) (Pansegrau et al., 1988) . In pXF51, a putative mobilization protein (MobA) is encoded by the gene upstream of the DNA nickase gene and is probably cotranscribed with it. This protein is similar to the mobilization protein of Sinorhizobium meliloti plasmid pRmeGR4a and to a putative ORF from Lactococcus lactis plasmid pCI528 (Fig. 4A) . As in other plasmids, this putative operon in pXF51 is located adjacent to the oriT. The proposed oriT region in pXF51 is very similar in structure to the IncP oriT; it is contained within an intergenic region, it has several inverted repeats, and contains a sequence of 13 bp identical to the nicking site of pRP4 (Fig. 5) . As shown by Pansegrau and collaborators (1988) , the TraJ protein binds to the right half of the inverted repeat adjacent to the nicking site, and a 4-bp difference in this repeated region is sufficient to determine the specificity of TraJ recognition. Comparisons to pRP4 allowed us to predict that the region of dyad symmetry corresponding to IR-2 is the site recognized by the mobilization protein MobA, positioning the DNA nickase at the conserved site to cleave the DNA strand. The nucleotide sequence of IR-2 is not similar to the inverted repeat in pRP4, and MobA does not show extensive similarity to TraJ, as it would be expected for such a specific system. The expression of the conjugation genes of several plasmids is regulated by transcriptional repressors that coregulate genes for DNA replication and transfer. In addition to the genes encoding the KorA and KorB homologs, there is another gene (XFa001) that encodes a polypeptide with similarity to transcriptional repressors. This small polypeptide contains a helix-turnhelix domain and could be the regulator of tra gene expression. Llosa et al., (1994) are indicated by numbers. The conserved amino acid residues within these motifs are shaded. Identical residues between at least two proteins are boxed.
FIG. 4-Continued
FIG. 5.
Comparison of the proposed transfer origin of pXF51 to the corresponding region of plasmid RP4 (Pansegrau et al., 1988) . Inverted repeats are indicated by arrows; a DNA sequence conserved in both regions is shaded, and the site of DNA cleavage in RP4 is indicated by an arrowhead, as its corresponding putative position in pXF51. The direction of transcription of mobAB and the traJIB operon are indicated by a small arrow.
Other ORFs with Similarity to Known Genes
Among the polypeptides with similarity to proteins with predicted function, we can point out some interesting ORFs. The product of XFa0052 shows a high degree of identity to the VapD homolog from Actinobacillus actinomycetemcomitans. VapD was shown to be related to virulence in Dichelobacter nodosus (Katz et al., 1992) , and genes encoding homologs of this protein have been identified either in the chromosome or in plasmids of several virulent bacterial genera, such as Helicobacter, Actinobacillus, Dichelobacter, Haemophilus, Rhodococcus, and Neisseria. Although this protein has been suggested to be related to virulence in these pathogens, there is still no proposed mechanism for its action; it is present in bacteria which utilize very different ways of expressing their pathogenicity.
The product of XFa0055 shares 30% identity to protein YdiA of plasmid ColIb-P9 isolated from enterobacteria and also presents similarity to the amino-terminal region of a restriction methylase from Serratia marcescens plasmid R478. YdiA is contained within the leading region of plasmid ColIb-P9 that is transferred early to the recipient cell (Althorpe et al., 1999) . This region contains genes that are expressed as soon as the leading strand reaches the host cell and was proposed to ensure the establishment of the plasmid via an antirestriction system and inhibition of the SOS response in the host (Althorpe et al., 1999) . Although no homolog of the antirestriction protein ArdA was found in pXF51, the similarity of the polypeptide encoded by XFa0055 to a restriction methylase could indicate a role in plasmid methylation upon transfer to the host cell.
The gene immediately downstream of virD4 presents several repeated sequences within the coding region. This gene (XFa0017) encodes a putative 85-kDa polypeptide with a high content of alanine residues, showing an extremely hydrophilic profile. The predicted secondary structure of this polypeptide is composed almost exclusively of alpha helices. A similarity search of this polypeptide in the sequence database showed that it is 38% similar to the carboxy-terminal half of surface antigens, such as the large Ala/Glurich protein from Streptococcus coelicolor and the extracellular matrix binding protein found in Abiotrophia defectiva. This polypeptide is the main adhesin of Abiotrophia, where its aminoterminal region recognizes host matrix proteins (Manganelli and van de Rijn, 1999) . The polypeptide encoded by XFa0017 does not contain this region, and PSORT analysis of this polypeptide predicts a cytoplasmatic protein, suggesting it plays a different role in Xylella.
The product of XFa0032 is a putative polypeptide with similarity to related hypothetical proteins found in other bacteria such as Streptomyces and to an acetone-cyanohydrin lyase from Arabdopsis thaliana. This enzyme is proposed to be related to the decomposition of cyanohydrins into HCN in the injured plant tissues, and the related rice gene was shown to be induced upon infection of leaves with certain strains of P. syringae (Reimann et al., 1995) . Its presence in pXF51 could confer to the Xylella cells bearing the plasmid some still unknown property that could be advantageous in pathogenesis.
CONCLUSION
The virulence determinants of X. fastidiosa pathogenesis are beginning to be investigated using the information acquired by the determination of its complete genome sequence. Among the interesting features of this bacterium, the presence of indigenous plasmids as well as of several phage sequences suggests a very active horizontal DNA transfer.
The analysis of the genes present in the 51-kb plasmid found in strain 9a5c has revealed several interesting aspects. One ORF showed good sequence similarity to virulence-associated protein VapD. Twenty-four ORFs do not show similarity to the sequence databases, and some could also be important for virulence. The presence of a complete set of potential conjugation genes and the identification of putative mobilization proteins and a highly conserved oriT suggest that this plasmid is capable of conjugative transfer. Given the conservation between the genes involved in the conjugation process and in pathogen-host DNA transfer (as in the case of the VirB system), we cannot exclude the possibility that these genes may have a role in Xylella pathogenesis. Moreover, the capability of pXF51 to conjugate might be of immense importance for the development of an efficient transformation vector for X. fastidiosa.
